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A new intriguing pmcedm for the epoxidation of a gmat vsriety of olefins and derivatives, based on & 

diketonato complexes of nickel(Il) or iron(III) in the presence of aldehydes and molecular oxygen, has betn 
mmtly pposed by Mukaiyama and co&’ (scheme 1). 

scheme 1 

With the exception of the report that the active spefks, involved in the above epoxidatkm procedu% 
should not be a simple peroxyacid, generable from aldehydes by autoxidationtx, no further comownt 

~tbCactualmcchanismWU~ 

In this rcgank uxxe mealy, Nishida et al. 2 claimed that singlet oxygen-like aative specks could be the 
key compounds for the epoxidation of olefins. This stateamnt was based on the expzimental observation that 
tbe reaction mixture of nickel0 &Uetowo complex, aldehyde and oxygen exhibited high &vity towards 

terraphenylcycloptatadien-l-one, regarded as a singlet oxygen quencher, but not as a potential oxidizable 
substrate.3 On tbe other hand, Kaneda er ~2. reporkd that the system consisting simply of molecular oxygen 
and aldehyde (isobutyraldehyde) oxidized, at 40 “C. sevti olefins to give the comsponding epoxides in high 
yiekk4 

3633 



~~oftheimportantnaMeofsucbclaims,withrespecttotheproblemofoxygenationnactions,we 
decided to investigate Mukaiyama’s oxidation Won, extending our research on the aerobic cpoxidation of 
oleflns by polyl.Wkablc &kctoestuW iron(lII) complexes to peculiar ImsammW substmtes such asmuhoxy- 

. (2-naphtyl)-methy- lap w 3h’ lmaydry-talle lc. 

flU0rClIylidCl.l caiama~amt Id and teuapha@&yhe le, fkecpntly saxiiaI in *Q cmygc.natio~s,‘~~ as well 

asinpaoxyacidoxidations.~ 

The general i3poxahproc8durc is lhttmaivcly simple: the olefink subsaates he (2.5 mmoks). the 

sacrifiiial iso-butyraldehyde (7.5 mmoles) and catalytic amounts (0.020 mmoles) of Fc(AAEMA)~~ a 
[AAJMA= depmtoMted farm of 24ac ctoacuoxy)4Shylmethauylate)l were stilled in l$-dic~ (10 
ml), under oxygen atmosphere. at room temperattue and daylight The reactions, followed by g&us 
specmrmetry,showedthefoPmationdnewproducts,wboaefngmenutionpatmnr~coasistentwiththase 
of pule cpoxidcs 2a-e. iIldepcndemly prcpaEd gJ 1 After suitable reaction times (618 h) and quantitative 
wmersions for all the substrates but fur le (conv = 50%). the reaction products weae isolated by column 

chromatography (silica gel, hcxancMicthylcther 5/l as clucnts), and fully chamc&zd by ms, ir, ‘H and t3C 
nmrspcctroscopy.” R&vantresults~collcctcdinTablc1whueasthcs tcucmlesofthestartingmaoerials 
andrcactionpmductsalzdcpic&dinschenre2. 
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The oximnes 2a-e did not suffer from further oxidation, since no apprcciabk amounts of products (2- 

adamantanone and methyl naphtoate, 2-xkmantanone and acetot~. of flwrenone and benzophenonc), f-Y 

daiving~cleavageof~bond.wacobsavedbygJmsspecaomtry.‘~ 

Thesamefficiencyandsebctivitywa9observedinsimilnrreactioascarriedoutinthederk. 

Theprevious exp&nental results rule out the involvement of singkt oxygen, as the key reactive specks. 

In fact, photosensitized and chemical oxygenation procedures involving 1% easily convert the substrates la-e 

into the oomspondino 1,2dkxms.7a 

A rem&ably different selectivity, was observed in the reactions pcrfotmcd on substrates Id-e in the 

absence of the metal catalyst. In fact, these latter wae converted, respectively. into mixtures of 2d (60 46) 

~with3d(4o%)or~~O%)togctberwith3e(~%),~eaaies5,7oftable1. 

The very high stability of the spirooxiranes 2a-d during the reaction time, even in the presence of 

renewed catalytic systeq would also rule out 811 important involvemn t of free peroxyacids in the reaction 

mdium. In fact, when an m-chloropesbenzoic acid (m-CPBA) epoxidation procedure is applkd, expecklly to 

substmtela,theinbiallyformedoxirane 2a Wkrgoes 8 fast acid-catalyxed rearrangement to give a-alkoxy or 

a-hydroxy Monc,h never obsexved in our system. 

By performing metal-catalyzed reactions on le in the presence of hydroquinone, employed as radical 

scavengcr,t4 we observe the same mixture of products 2e (58 46) and 3e (40 %). but a significantly lower 

convasion (13 %) with respect to that (50 %) observed in the unmod&d catalytic system, after the same 

reactiontiuE. 

In conclusion, although hntha detaikd investigations in the ama are wamzntu& these preliminaq results 

seem point out the following facts: (a) the autoxidation of sacrificial aldehyde leads to a free peroxyacid 

specks, which lets as the epaxidizing agent, even at room temperature; (b) the &ketoesteratc compkx m@ht 

catalyze the generation of a different percarboxylic species. plausibly a percarboxylic radical, perhaps 
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. 
- to the metal ccntre. In this regalI& the owufrence of a mote important isomaiutiolr in the 

. . 
epoxtdaom of in- okifhs, such as cis- and trcuu- 2octeae. caITkdoutbyusinthepmsalceoftheiron(Iu) 

catalys~caabcb&cnasaclucofanonsonermU mproaaa 

~atlKwewishtothankcNR8ndMuRST(Romc)forfinwialsuppor& 
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forthesunegwoductintberef.9a 
2b: rap: 36oc; ir (KBr): 1) = 3007.2948.1451,1378,1356* 957,900,729,691 cm-l; 

‘H IMP (CZICl3): 6 =2.05-1.12 (m, 20 H) pptq ‘v nmr (CDC13): 6 = 70.91,63.27,36.69,36.61, 
36.50,34.72,32.47,29.90,26.82,20.09,20.03 . ma (m/e 96) 150 (loo), 135 (15), 134 (14). 105 
(24) 92 (52). 91 (51). 79 (39). 78 (15). 7706). R2). 65 (10). 55 (10). 43 (20). 42 (lo), 41(43). 
zC:whitecrystalsfnw~~~p.1~187oc;ir~r):u=3o21,2859.14~145o, 

940,900,747,705 cm-l; ‘H nmr (CDCI3): 6 = 7.57-7.55 (m, 4I-l). 7.53-7.17 (m, 6J-Q 2.05-1.53 
(m, 14H)ppm; 1% nnrr(CDCl3): b- 140.04,128.38,127.99,126.96,126.76,126.64,36.64, 
35.89,35.33,32.38,27.01,26.71 ppm: tns (de 96) 316 (65), 315 (56), 211(12), 166 (90). 165 (100) 
105 (17). 77 (20). 
2d: m.p. 135-136OC from benzene/ethanol; ir (KBr): 1) = 3061,2989.2915,1446,965,892 cm-l; 

‘H nau (CDCl3): 6 = 7.74-7.70 (m, w), 7.41-7.34 (m, 4H). 7.25-7.17 (III, 2H), 3.52-1.20 (04 14 H) 
ppm; ** nmr(cDcl3): 6 = 141.89.140.85,12&41.126.20,124.07,120.11,73.55,73.81,36.38, 36.04, 
35.40,32.04,26.77,26.33 ppm; ms (de %) 314 UOO), 298 (ll), 215 (7), 194 (17), 181(M), l%o 01). 
165 (17X 121 (20). 91 (14). 79 (12). 77 (8). 
ZehasbCUlCharacmizcdbymmparison with a pute aample. 
3dz wbie cryswls eom baEelKdethanol+ m.p* 164Q ir (KBr): u = 3062,302s. 1691.1598.1473. 
X291,1242,937,765, cd; tH llllp (CDCl3): 6 = 7.69-7.15 (m, 8Ii), 2.82-1.42 (m, 14H) ppm; 

*x mm (CDCl3): 6 = 21031,141.83,137.84.134.11,132.60,132.07,128.83,128.28,127.12, 
126.82.126.28, 12.5.76,121.21,57.32,39.99,37.76,35.07,34.92,34.54,33.43,29.43, 27.61, 
27.37 ppm; ms (m/e 96) 314 (lOO), 231 (18), 194 (41). 178 (17) 165 (26). 121 (B), 79 (16). 
Tbesubstne3ebasbecn&nctawdbyaqurkonwitbapucesampk. 
Rapp, R D.; Bcnvwik, L J. J. Chtm. Sot., Chem. C-. 1969.1202. 
Hunemoco. Ib4.; Naktyama, Ic, Nishiyama, Y.; I&ii Y. J. Org. Chtm. Z&3,58,6421 ad I& tixdn. 

(Received in UK 1 February 1994, revised 21 March 1994; accepted 24 March 1994) 


